Abstract Tuberculosis of the pancreas is extremely rare and in most of the cases mimics pancreatic carcinoma. There are a number of case reports on pancreatic tuberculosis with various different presentations, but only a few case series have been published, and most of our knowledge about this disease comes from individual case reports. Patients of pancreatic tuberculosis may remain asymptomatic initially and manifest as an abscess or a mass involving local lymph nodes and usually present with non-specific features. Pancreatic tuberculosis may present with a wide range of imaging findings. It is difficult to diagnose tuberculosis of pancreas on imaging studies as they may present with masses, cystic lesions or abscesses and mass lesions in most of the cases mimic pancreatic carcinoma. As it is a rare entity, it cannot be recommended but suggested that pancreatic tuberculosis should be considered in cases with a large space occupying lesions associated with necrotic peripancreatic lymph nodes and constitutional sympt o m s . U l t r a s o n o g r a p h y / c o m p u t e d t o m o g r a p h y / endosonography-guided biopsy is the recommended diagnostic technique. Most patients achieve complete cure with standard antituberculous therapy. The aims of this study are to review clinical presentation, diagnostic studies, and management of pancreatic tuberculosis and to present our experience of 5 cases of pancreatic tuberculosis.
Introduction
Tuberculosis of the pancreas is extremely rare and in most of the cases mimics pancreatic carcinoma. In abdominal tuberculosis, ileocaecal region is most commonly affected; solid organs like kidney, spleen, and liver get involved with tuberculosis much more commonly than the pancreas. In most of the series and studies of abdominal tuberculosis, pancreatic tuberculosis has never been described in detail [1] . Pancreatic tuberculosis is very rare even in regions with high prevalence of tuberculosis, with an incidence reported to be less than 4.7 % (14/297 cases) in an autopsy series on tuberculosis patients in 1944 [2] and 2 % (11/526 cases) in another autopsy series in 1966 [3] . There are a number of case reports on pancreatic tuberculosis with various different presentations, but only a few case series have been published, and most of our knowledge about this disease comes from individual case reports. The authors encountered 5 cases of pancreatic tuberculosis in the last 10 years. Out of these 5 cases, pancreatic tuberculosis was a part of generalized disease, i.e., miliary tuberculosis in 3 patients, 1 patient had tuberculous pancreatic abscess, and 1 patient was found to have isolated pancreatic tuberculosis. The aims of this study were to review clinical presentation, diagnostic studies, and management of pancreatic tuberculosis and to present our experience of 5 cases of pancreatic tuberculosis.
Methods
Electronic searches were undertaken in MEDLINE and PUBMED using the MeSH terms Bpancreas^in combination with Btuberculosis,^Btuberculous,^Btubercular,^Btuberculosis in immunocompromised patients.^A total of 330 cases have been identified in various case reports and series. All resulting titles, abstract, and full text, when available, were read and kept for reference and the findings summarized. Both immunocompetent as well as immunocompromised cases were reviewed.
Epidemiology
Tuberculosis is one of the most important infectious diseases in the world. It is a disease of great public health importance in India. With 20 % cases, India accounts for the highest TB burden in the world. Not only does tuberculosis afflict 3.1 million people in India, it is also estimated that the lifetime risk for acquiring tuberculosis is 10 % [4] and this figure is understandably higher for medical professionals. With the rise of HIV/AIDS, there has been a resurgence of tuberculosis as an opportunistic infection in developed countries. While Mycobacterium tuberculosis most commonly afflicts the lungs, it also affects lymphoid tissue in the form of lymphadenitis, and lymphoid involvement is the most common form of extrapulmonary tuberculosis, and abdominal tuberculosis is the sixth most common type [1] , but pancreatic involvement is extremely rare. In majority of the published studies, patients in the age group of 21-40 are most commonly affected with no sex predilection [1, 5] .
Though there has been increase in tuberculosis cases in western world due to human immunodeficiency virus in recent decades, still there is no increase in cases of pancreatic tuberculosis. There are a number of reports and a few series on pancreatic tuberculosis cases in immunocompromised as well as immunocompetent patients. In a study of 32 cases by Nagar et al. [5] , 16 patients were seropositive for HIV-1 while Xia et al. [6] reported a study of 16 immunocompetent pancreatic tuberculosis cases. Besides this, there are a number of case reports of pancreatic tuberculosis in immunocompromised patients [7] [8] [9] [10] and in immunocompetent patients [8, 11, 12] . Meesiri et al. [10] reviewed 43 cases HIV positive cases of pancreatic tuberculosis.
Clinical Presentation
Patients of pancreatic tuberculosis may remain asymptomatic initially and manifest as an abscess or a mass involving local lymph nodes and resembling carcinoma. Patients usually present with non-specific features. Symptomatic patients may show evidence of tuberculous toxaemia. The presenting symptoms of pancreatic TB include abdominal pain, abdominal mass, malaise, anorexia, weight loss, night sweats, backache, jaundice, and fever. If the head is involved, obstructive jaundice and abdominal pain are the most common symptoms. One of our patients with isolated pancreatic tuberculosis presented with abdominal pain and jaundice. In a report by Ladas et al., a patient presented with iron deficiency anemia and severe weight loss. Nagar et al. [5] in his study on 32 patients reported that most common symptom was abdominal pain localized to epigastric region. Xia et al. [6] also reported that most common symptom is abdominal pain and nodule present in 75 % of cases followed by malaise and weakness. Fever was the most common symptom in a case series of 13 patients [13] . There are many case reports with different presentations of pancreatic tuberculosis like dyspeptic symptoms [14] , gastrointestinal haemorrhage due to secondary to splenic vein thrombosis [15] , acute/chronic pancreatitis [16] , or secondary diabetes [17] . Pancreatic head masses may result in obstructive cholangiopathy and portal vein thrombosis. Clinically, an epigastric lump is the most common, lump may be tender, or epigastric tenderness without the lump is second most common presentation (Table 1 ). Splenomegaly and hyperslenism have also been reported [13] .
Pancreatic tuberculosis may manifest as an abscess (Table 2) , mass, or a cystic lesion in the pancreas. Twentyone cases of pancreatic tuberculous abscess have been reported so far. Tuberculous pancreatic abscess are more common in HIV positive patients probably because of lower immunological response and higher bacterial load. Kumar et al. reported 2 cases of pancreatic tuberculosis, one patient had multiple small abscesses in the pancreas while the other one had a pancreatic head mass with peripancreatic lymph nodes. Our patient with tuberculous pancreatic abscess presented with fever, malaise, weakness, and anorexia. Chang et al. [7] reported a case in which the patient had a cystic mass in the body of the pancreas with portal and retroperitoneal lymphadenopathy. Other presentations like multicystic pancreatic masses, bulky pancreas, calcifications, and peripancreatic nodules have also been described.
Pathogenesis
Pancreas is relatively resistant to tuberculosis because of destruction of the pathogen by pancreatic enzymes. The role of antibacterial pancreatic factors has also been proposed as a factor responsible for rare occurrence of pancreatic tuberculosis. Also, an antimycobacterial effect from pancreatic extracts and purified lipases and deoxyribonucleases has been reported [56] .
The most common route of spread of tuberculosis to the solid organs of abdomen is the haematogenous route and less commonly the lymphatic route. Pancreatic TB is most often the result of haematogenous or lymphatic dissemination or direct spread from adjacent organs. Three forms of pancreatic tuberculosis have been described: (a) as a part of miliary tuberculosis, (b) spread to the pancreas from retroperitoneal lymph nodes, and (c) localized pancreatic tuberculosis which is mostly due to M. tuberculosis secondary to primary tubercular infection of the intestinal tract [57] .
Pancreatic involvement in tuberculosis is most commonly a part of military tuberculosis (type (a) as mentioned above), but Nagar et al. [5] in his study reported that out of 32 patients 18 patients were diagnosed to have pancreatic and peripancreatic involvement as first manifestation of tuberculosis.
Role of Imaging Studies
Less than half the patients have past history of tuberculosis or evidence of pulmonary tuberculosis on chest X-ray. Pancreatic tuberculosis may present with a wide range of imaging findings. It is difficult to diagnose tuberculosis of pancreas on imaging studies as they may present with masses, cystic lesions or abscesses, and mass lesions in most of the cases mimic pancreatic carcinoma. As it is a rare entity, it cannot be recommended but suggested that pancreatic tuberculosis should be considered in cases with a large space occupying lesions associated with necrotic peripancreatic lymph nodes and constitutional symptoms. Woodfield et al. [58] in his study concluded that radiological appearances may be similar to a mucinous cystic neoplasm or could show a pancreatic mass with involvement of peripancreatic lymph nodes or a mass centered in a peripancreatic lymph node.
The diagnosis of pancreatic tuberculosis is not suspected before laparotomy in majority of cases [13, 57] . Since this disease is curable with chemotherapy, it is important to diagnose it on imaging studies to avoid any major surgery and its associated morbidity. Ultrasound shows bulky inhomogenous pancreas or a cystic lesion or one or more solid hypoechoic masses in the pancreatic parenchyma that may sometimes show central liquefaction and does not show any specific feature suggestive of tuberculosis of pancreas. CT scan was done in almost all of the reported studies but failed to diagnose pancreatic tuberculosis in majority of cases as there are pathognomonic features suggestive of tuberculosis. CT features of pancreatic tuberculosis are non-specific ( Fig. 1 ) and include hypodense, hypovascular well-defined mass with irregular margins and peripheral enhancement; areas of central enhancement may result in a multiloculated appearance with adjacent necrotic or non-necrotic lymphadenopathy. These features may resemble these of inflammatory or neoplastic cystic lesions of the pancreas. In a study by Nagar et al. [5] , CT showed hypodense collections within the pancreas associated with peripancreatic lymphadenopathy in 29 patients [32] 2007 Pancreatic abscesses and colonic perforation Nakai et al. [33] 2007 Pancreatbiliary fistula Chang et al. [7] 2008 Progressive dysphagia Pandita et al. [14] 2009 Dyspepsia Rana et al. [34] 2010 Focal pancreatitis and segmental portal hypertension Hellara et al. [35] 2012 Pseudotumoral presentation while 3 patients had a complex pancreatic mass lesion. Xia et al. [6] in a study on 16 patients reported that CT showed pancreatic mass with heterogenous hypodensity focus in all patients with calcification in 9 patients and peripancreatic nodules in 6 patients. In cases of adenocarcinoma of the pancreas, the pancreatic duct is dilated in centrally located tumors of the pancreatic head while the common bile duct and pancreatic head have been reported to be normal in patients with pancreatic tuberculosis, even if the mass is positioned centrally in the head of the pancreas [34, 59] . It has also been reported that in patients with pancreatic tuberculosis, obstruction and dilatation of common bile duct and intrahepatic bile ducts are rare [24] . Also, in cases of pancreatic tuberculosis, there is absence of vascular invasion and pancreatic duct dilatation. Chatterji et al. [60] in his study concluded that endoscopic ultrasound (EUS) is the diagnostic modality of choice for pancreatic tuberculosis. Linear EUS allows high-resolution imaging that can readily differentiate pancreatic and peripancreatic masses. Woodfield et al. [58] also recommended that EUS is a preffered technique for diagnosing pancreatic tuberculosis. De Backer et al. [59] described MRI features of pancreatic tuberculosis in 3 patients and concluded that in cases of focal involvement, MRI showed sharply delineated mass located in the pancreatic head, showing heterogenous enhancement, and diffuse involvement is characterized by pancreatic enlargement with narrowing of the main pancreatic duct and heterogenous enhancement.
Role of FNAC/Trucut Biopsy/Laparotomy in Diagnosis
Ultrasound cannot diagnose tuberculosis of pancreas but in cases suspected of tuberculosis US helps in taking sample for fine needle aspiration cytology (FNAC). FNAC is the [54] 2002 Negative Kumar et al. [8] 2003 Positive Veerabadran et al. [32] 2007 Negative Mangla et al. [55] 2 0 1 3 _ Meesiri et al. [12] 2014 Positive Fig. 1 CECT showing pancreatic mass in head with hypodense collection easiest and non-invasive method of diagnosing pancreatic tuberculosis. In suspected cases, FNAC can be taken from pancreatic lesion or peripancreatic lymph nodes. As most of the cases of pancreatic tuberculosis are confused with malignancy, FNAC not only confirms tuberculous etiology but also rules out malignancy. There are a number reports which recommends FNAC for diagnosing tuberculosis [60] [61] [62] . FNAC can be done under US/EUS/CT guidance. As reported by Chatterji et al. [60] , EUS-guided FNAC is better for diagnosing these cases as it facilitates high-resolution imaging. Mallery et al. [61] retrospectively compared sensitivity and specificity of EUS, US, and CT scan for taking sample in pancreatic pathologies and concluded that EUS-guided tissue sampling is as accurate as CT/US-guided sampling and surgical biopsies. American joint commission on cancer also recommends EUS-FNAC as the diagnostic modality of choice for identifying the etiology of pancreatic masses [63] . Acidfast bacilli are commonly not seen with FNAC. FNAC reveals the presence of granulomatous inflammation with aggregates of plasma cells, epitheloid cells, and lymphocytes. Trucut biopsy is usually not possible in cases of pancreatic lesions and peripancreatic lymph nodes as there is a risk of injury to the intestine as well as vessels.
Though there have been case reports of biliary cytology confirming the diagnosis of pancreatic tuberculosis, in most of the cases, endoscopic retrograde cholangiopancreatography has been found to be normal and usually not helpful [64] .
The best way of diagnosing tuberculosis is direct histopathological proof by taking excisional biopsy. Direct histopathological examination by laparotomy should only be done in cases imaging studies and FNAC fail to confirm diagnosis. There have been a number of studies where diagnosis of tuberculosis was not even suspected [13, 57] and final histopathological report came as a surprise. Biopsy is usually taken from pancreatic lesion and/or peripancreatic lymph node. There is case report in which diagnosis was made after excision of pancreatic tail and spleen because preoperatively, a diagnosis of advanced pancreatic tail malignancy was made [65] . In a study by Xia et al. [6] , laparotomy was performed in 12 out of 16 patients, and Yan et al. [13] reported that out of 13 patients, 12 required laparotomy. The success rate of identifying acid fast bacilli from the biopsy specimen has been reported to be between 20 and 40 % [66] . Cultures were found to be positive in 77 % cases [9] . In our patients with isolated pancreatic tuberculosis and tuberculous pancreatic abscess, CT scan and guided FNAC failed to diagnose them, and PCR was not done as we did not suspect tuberculosis as etiological factor in both the cases and final diagnosis was confirmed by direct histopathological examination by laparotomy, but no major surgical procedure was done in these patients.
Role of Polymerase Chain Reaction
Polymerase chain reaction (PCR) assays are diagnostic in most patients presenting with rare manifestation of tuberculosis including pancreatic and hepatobiliary tuberculosis because conventional methods many times fail to diagnose extrapulmonary tuberculosis. Makeshkumar et al. [67] in a study on 178 patients concluded that PCR was able to pick up more extra pulmonary tuberculosis patients as compared to conventional methods. PCR assays have been found to be superior to smear and culture in detecting mycobacterium tuberculosis. It has a sensitivity of 64 % [68] . PCR assay is helpful in diagnosis, and laparotomy can be avoided. Ayesha et al. [69] and Chatterji et al. [60] utilized PCR assay in conjunction with EUS-guided FNAC to diagnose pancreatic tuberculosis. PCR assay in conjunction with other non-invasive modalities is helpful in diagnosing pancreatic tuberculosis. Meesiri et al. [10] , in a review on 43 cases, reported that PCR was done in 4 cases and all 4 were positive for M. tuberculosis DNA. Drug susceptibility cannot be reliably determined with PCR assay. In a review by Meesiri et al., drug susceptibility was studied in 9 samples, and 1 was found to be resistant to streptomycin, and others were sensitive to first-line antituberculous drugs.
Other Investigations
HIV testing should always be done in all the patients suspected to have pancreatic tuberculosis. No other investigation is contributory for diagnosis or prognosis.
Differential Diagnosis
The differential diagnosis for pancreatic tuberculosis includes pancreatic cancer, metastases, cystic neoplasms of the pancreas, focal chronic pancreatitis, fungal infections, castlemann's disease, and sarcoidosis.
Treatment
Pancreatic tuberculosis is usually difficult to diagnose, but once diagnosed, it is potentially curable with antituberculous drugs. The treatment of pancreatic tuberculosis is same as any other type of extrapulmonary tuberculosis [70] . Standard antituberculous therapy involving the use of at least four drugs remains the cornerstone of treatment [5, 6, 13, 57, 58] . As reported in almost all the studies, patients with pancreatic tuberculosis respond very well with conventional antituberculous treatment. Reported literature recommends the use of antituberculous drugs for 6-12 months [5, 6, 58] . Treatment consists of fourfold combination: isoniazid (5 mg/kg BW/ ay), rifampicin (10 mg/kg BW/day), pyrazinamide (30 mg/kg BW/ day), ethambutol (20 mg/kg BW/day) generally for 2-4 months, subsequently isoniazid and rifampicin for 6-12 months. Multidrug-resistant organisms and hepatotoxicity of the agents require alternative regimens [70] . Drug-induced liver injury secondary to antituberculous drugs, especially isoniazid, is idiosyncratic and potentially lethal. Careful monitoring for drug-induced hepatitis may obviate fatality. For follow-up and guiding clinicians regarding complete resolution and duration of therapy, CT imaging is helpful [69] . In a retrospective study by Kim et al. [71] , out of 42 patients with pancreatic tuberculosis, only 1 patient had progressive disease on CT imaging.
In cases of biliary obstruction, there is a need of endoscopic or surgical intervention to relieve the obstruction as the narrowing might persist despite antituberculous therapy, and this intervention should be done at an early stage during the course of treatment [57] . In 43 HIV-positive patients reviewed by Meesiri et al. [10] , duration of antituberculous therapy ranged from 3 weeks to 2 years. The authors report that out of 5 patients, 1 patient with miliary tuberculosis died due to septic shock and multiorgan failure while the other 4 patients recovered well with standard antituberculous treatment.
As surgery is often required for diagnosing pancreatic tuberculosis, it is recommended not to do any major surgical procedure other than taking tissue for histopathology but abscess needs to be drained. Whipple's pancreaticoduodenectomy was done in many reported studies for pancreatic tuberculosis because most common presentation is pancreatic mass which is difficult to differentiate from pancreatic cancer [57] . Whipple's pancreaticoduodenectomy was done in 3 patients [57] and distal pancreatectomy and splenectomy in 1 patient [57, 65] .
Conclusion and Recommendations
Abdominal tuberculosis is the sixth most common type of extrapulmonary tuberculosis, but pancreatic tuberculosis is very rare. Most cases of pancreatic tuberculosis are secondary to tuberculous infection elsewhere in the body and are associated with military tuberculosis. It is difficult to diagnose this entity only on imaging studies, EUS-guided FNAC helps in diagnosing this condition. Once diagnosed, it is possible to cure pancreatic tuberculosis with standard antituberculous therapy. The author recommends (a) The most important factor in making a correct diagnosis of pancreatic tuberculosis is first to consider the possibility, as the symptoms and imaging findings may be subtle or confusing. Diagnosis of pancreatic tuberculosis should always be considered in young patients who present with non-specific symptoms and a pancreatic mass with peripancreatic lymphadenopathy on imaging studies. Pancreatic mass in an immunocompromised patient or in a patient who is from a region with a high prevalence of tuberculosis, like in developing countries, pancreatic tuberculosis should be considered. (b) It is important to review imaging studies properly before planning any form of surgical treatment. (c) Direct histopathological examination is the best way of diagnosing tuberculosis. US/CT/EUS-guided biopsy is the recommended diagnostic technique. EUS-guided biopsy is better than US or CT-guided biopsy. Under image guidance, if FNA fails once, it is advisable to go for second attempt under-image guidance because this might avoid laparotomy. (d) In cases where definite diagnosis is not possible or fails with image-guided biopsy but clinically there is a strong suspicion for pancreatic tuberculosis, PCR needs to be done for diagnosis. (e) Laparotomy should be avoided for diagnostic purpose for its associated morbidity. Most of the patients who required major surgical intervention, the preoperative diagnosis was malignancy and not tuberculosis. To avoid major surgery in pancreatic tuberculosis, the author recommends attempted identification of these patients early in the evaluation. (f) Most patients achieve complete cure with standard antituberculous therapy.
